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In a process for recovering j faym a feed gas cont . 70 mole % 
or more of H,S^ the gas stream IS pai*tlfllly combusted with 
an Oj-enriched gas (I) in a Glaus reaction furnace zone , a 
combustion effluent i s cooled in a condensation zone (provi- 
aing condensatlon^pd. S) and remaining effluent is further 
treated . 

The improvement involves introducing a temp, moderating 
stream of eytern Qi'Y-g"pp»^rt RQj(4n mole % or more, pref. 
5o-100, e'sp. 100 mole % cbncn.) at a rate of 5-30 mole SO 2 
per 100 mole HjS into, or immediately downstream of, the 
reaction zone. This moderates the temp., reduces O2 . , 
consumption and increases S conversion. ' ' 

' USE /AD VANTAGE J 

The process is used to recover S from acid gas streams 
produced e.g. in petroleum refineries. The method increases 
the capacity of the Glaus plant t o process S while maintaining 



E(31.F2}J(1-E3) 



the temp, limitation of the Clause plant materials and also 
reducing Oj. 'requirements while increasing S conversion. 
PREF ERRED MATERIALS 

(0 has a 32-100 mole % O2 content. The ratio of HjS 

SO, in the combustion effluent is about 2. 
PREFERRED PROCESS 

SO2 



is 



The reaction furnace is operated at 2000-2800OF, 
introduced as a liq . or vapour phase moderant . 

A slipstream of feed gas . or a slipstream of liq . S prod . 
is separately reacted with O2 to produce the required SO^ 
feed . 

The combustion effluent is further treated in a 
reheater(s), catalytic converter(s) or condenser(s) to rewarm 
the effluent and convert it to S and condense the S from the 
remaining combustion effluent . 



WHen 14.1 mole S02(15.4% of HjS feed) is introduced in 
the flame zone of a Glaus plant using O2 (H^S = 92%), the 
furnace temp, is reduced from 2672«F to an acceptable 268 1*F. 
0, feed is reduced by 14 mole (30% of Oj needed if SOzis not 
added) and S recovery is slightly improved at 65.8% of 
combined H2S and SO^ feed.(15ppl600RBHDwgNoO/2) . 
(E) ISR: No S earch Report. TppI 9^9497- a 
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® Sulfor dioxide Injection for claus furnace temperature moderation. 



® Sulfur dioxide is injected into the reaction furnace zone or immediately downstream thereof in an oxygen- 
enriched Claus process to reduce oxygen consumption, increase conversion and capacity while maintaining 
temperatures at acceptable levels for furnace zone materials. 
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SULFUR DIOXIDE INJECTION FOR GLAUS FURNACE TEMPERATURE MODERATION 



TECHNICAL FIELD 

The present invention is directed to the field of hydrogen sulfide conversion to sulfur in the Claus 
5 process using an oxygen combustion reaction furnace and various downstreann catalytic converters. More 
specifically, the present invention is directed to moderation of excessive temperatures in operating a Claus 
process under high oxygen enrichment levels using externally supplied sulfur dioxide to control reaction 
conditions. 

ro 

BACKGROUND OF THE PRIOR ART 

The recovery of elemental sulfur from hydrogen sulfide-containing gas streams is known in the prior art 
as disclosed in the article "FUNDAMENTALS OF SULFUR RECOVERED BY THE CLAUS PROCESS" by 

75 B. Gene Goar, published in the 1977 Gas Conditioning Conference Report. 

It is known to moderate an oxygen-enriched Claus combustion process as is taught in U.S. Patent 
4,552,747 to B. G. Goar wherein a recycle stream of combustion effluent is used to reduce temperature 
excesses in a reaction furnace fed with an oxygen-enriched gas. This recycle controls temperature by a 
sensible heat sink but also increases the gas flow through the furnace section wherein the recycle contains 

20 a high percentage of water. 

U.S. Patent 3,822,341 to R. S. Smith discloses a process for producing sulfur from a gas containing 
large amounts of hydrogen sulfide. The process involves reacting oxygen and hydrogen sulfide with cooling 
so that the effluent therefrom is at a temperature between 550°-650'F. In a portion of the process, the 
reaction gases in line 100 are mixed with the sulfur dioxide-containing oxygen stream in line 96, Acid gas 

25 and oxygen are fed via lines 120 and 124. respectively, into reheat burner 128 and the reaction gases 
therefrom are passed via line 132 to line 100 where they are mixed with the reaction gases in line 100. 

U.S. Patent 4,212,855 to W. Kerner, et al. discloses a process for the production of concentrated 
sulfuric acid from water and sulfur dioxide-containing gases. A gas stream cooled in the cooling tower 6 and 
correspondingly partially dried by water condensation is recycled by a moist gas blower 1 0 through line 1 1 

30 into a combustion furnace 2. The hydrogen sulfide combustion furnace 2 is fed with a hydrogen sulfide- 
containing gas feed through line 3 and air fed from blower 1 through line 4. 

U.S. Patent 4,419,337 to R. F. Jagodyinski. et al. discloses a catalytic process for reacting a sulfur- 
containing material such as elemental sulfur or hydrogen sulfide with an oxygen-containing gas to produce 
sulfur dioxide. The process and apparatus can be used to remove hydrogen sulfide from a gas. The 

35 process and apparatus may also be used to produce sulfur dioxide as a product which may be converted to 
sulfur trioxide and used, for example, to produce sulfuric acid. 

Finally, U.S. Patent 3,447,903 to T. K. Wiewiorowski discloses various embodiments of an improved 
process for the production and recovery of elemental sulfur from the reaction of hydrogen sulfide and sulfur 
dioxide. Various sulfur dioxide circulations are illustrated. 

40 A review of claus process tail gas clean-up processes by Goar and Sames presented at the March 1983 
Gas Conditioning Conference at the University of Oklahoma discusses processes, most notably the 
Wellman Lord process for oxidizing tail gas sulfur species to SO2 and separating the SO2 for recycle to the 
reaction furnace for recovery. A paper by Yon, Atwood and Swalm, Hydrocarbon Processing, July 1979, 
p.197, describes the UCAP process which separates SO2 from a sulfur recovery process tail gas for recycle. 

45 Finally, U.S. Patent 4,575,453 to R. Reed discusses use of SO2 as an oxidant and recycle of SO2 from tail 
gas. It does not discuss the combination of O2 and SO2 as oxidants. 



BRIEF SUMMARY OF THE INVENTION 

The present invention is a process for recovering sulfur from the f ed gas containing 70 mole% or 
greater of hydrogen sulfide wherein the gas stream is partially combusted with an oxygen-enriched gas in a 
Claus reaction furnace zone, a combustion effluent is cooled with the attendant cond nsation separation of 
sulfur in a condensation zone and the remaining effluent is further treated, the improv ment comprising 
introducing a temperature moderating stream of xternally supplied sulfur dioxide having a concentration of 
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at least 40 mole% into the reaction furnace zone or imm diately downstream of said reaction furnace zone 
to nnoderate temperature, reduce oxygen consumption and increase sulfur conversion, wherein the sulfur 
dioxide is added in the range of 5 to 30 moles of sulfur dioxide bas d upon 100 moles of the hydrogen 
sulfide content of said feed gas. 
5 Preferably, the oxygen-enriched gas has an oxygen content of 32-100 mole%. 

In various mbodiments of the pres nt invention the temperature of the reaction furnace is maintained 
in the range of 2000" to 2800°F. 

Preferably, the present invention produces a combustion effluent from the reaction furnace zone that 
has a hydrogen sulfide to sulfur dioxide ratio of approximately 2 for subsequent feed to downstream 
10 catalytic Glaus reaction furnaces. 

Optimally, the present invention utilizes sulfur dioxide having a purity of approximately 100 mole%. 

Alternatively, the sulfur dioxide may be added as a liquid phase or as a vapor phase temperature 
moderant to the reaction furnace zone or slightly downstream thereof. 

Preferably, the externally supplied sulfur dioxide has a concentration of at least 80 mole7o. 
76 The sulfur dioxide moderant can be formed by oxidation of a slip-stream of the hydrogen sulfide- 
containing feed gas, oxidation of elemental sulfur, or it can be separately introduced from external sources 
such as any sulfur dioxide-containing gas from a refinery operation. 



20 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG 1 is a graph of sulfur dioxide/hydrogen sulfide versus hydrogen sulfide feed using 100% oxygen 
as replacement for the air oxidant. 

FIG 2 is a schematic flowscheme of e preferred 9m>bod!me.'^t of the present inverticn. 

25 

DETAILED DESCRIPTION OF THE INVENTION 

Claus sulfur recovery systems are widely utilized to recover sulfur from acid gas streams produced in 
30 natural gas purification and in petroleum refineries, primarily from amine sweetening. In refmerles, the' 
hydrogen sulfide is in crude oil and is contained in the hydrocarbon desulfurization unit off-gases and' 
fluidized catalytic cracker unit off-gases. Often times, gas streams produced in the amine unit are quite rich' 
in hydrogen sulfide, particularly In petroleum refineries, where it may be in the range of 70-100 mole% 
hydrogen sulfide. In many refineries, the Claus plant units are either fully loaded or subject to becoming 
35 fully loaded (capacity limited) due to the processing of heavier crude oils, which contain increasingly larger 
amounts of sulfur compounds. With the dwindling known reserves of refinable sweet hydrocarbons and' 
crude oils, less attractive known sour oil reserves are now being processed which typically have higher * 
sulfur content. This trend toward refining of such higher sulfur-containing hydrocarbon feeds will increase in' 
the future and will create capacity limitations on Claus plants presently in existence. Therefore, a method for'' 
40 increasing the capacity of the Claus plant to process sulfur, while maintaining the temperature limitations of 
the materials of the Claus plant and also reducing oxygen requirements while increasing sulfur conversion, 
is needed. 

As Claus sulfur recovery unit feed rates are increased above capacity, several problems develop. At 
increased flow, the pressure drop through the Claus plant and taiigas cleanup unit increases and the back 

45 pressure increases require hydrogen sulfide and air feed at pressures beyond what is available from the 
equipment that supplies the hydrogen sulfide fed and the air blower that provides feed air. The increased 
flow also increases the space velocity in the reaction furnace and the catalytic reactor stages and increases 
the waste heat boiler duty which can be limited by boiler feed water supply rate or heat transfer surface. 
This increase in space velocity reduces sulfur conversion and increases emissions to the taiigas cleanup 

50 unit. The increased flow to the taiigas cleanup unit increases its pressure drop and further lowers the taiigas 
sulfur recovery resulting in increased and usually environmentally unacceptable sulfur emissions. The 
increased back pressures in some Claus plants pose the risk of blowing liquid sulfur drain seals, which 
would release noxious toxic hydrogen sulfide. Although high pressure sulfur drain seals and increased 
throughput equipment could be designed to me t the capacity requirements, th reduced sulfur conversion 

55 and increased sulfur emissions remain a problem in present day Claus plant operation. 
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One m thod which may be used to increase the capacity of an existing Claus plant is the use of 
oxygen to enrich the airstream to the reaction furnace of the Claus plant fronn 21 mole% oxygen, which is 
the content of air, up to 70-90 nnole% oxygen or higher, such as 100 nnole% oxygen (wherein no air is 
introduced into the Claus plant). These enrichnnents of above 21% up to 100% oxygen are referred to as 

5 oxygen-enrich d gas. Any increase in oxygen content of the airstream effectively reduces the nitrogen 
content of gases passing through the Claus plant and increases its throughput capacity for sulfur by 
diminishing the gas flow of inerts. namely nitrogen, which must also be passed through the flow train of the 
Claus plant. Typically, the capacity of the Claus plant which is handling 70-100 mole% hydrogen sulfide 
with a typical concentration of hydrocarbons, can be increased 10-15% by enriching the air with oxygen. 

70 Any further addition of oxygen will cause the flame temperature limitations of the fire brick and refractory in 
the reaction furnace to be exceeded. 

If the acid gas stream contains 92 moie% hydrogen sulfide and the Claus plant is performing a typical 
burn of only one-third of the hydrogen sulfide to sulfur dioxide (one-third of the fully stoichiometric air 
requirements) and the burner is receiving air (21 mole% oxygen), then the theoretical adiabatic flame 

75 temperature should be about 2400'*F and the reaction furnace outlet temperature is about 2200**F. Note 
that as described in the 1977 Goar article, the theoretical flame temperature may be higher than the 
reaction furnace outlet temperature, because as subsequently described, the endothermic Claus reaction 
proceeds in the reaction furnace and cools the flame products. If the airstream is enriched with oxygen to 
40 mole% oxygen, the calculated adiabatic theoretical flame temperature should increase to about 

20 3000**F. Again, if the airstream is enriched with oxygen, this time to 70 mole% oxygen, the calculated 
theoretical adiabatic flame temperature should increase to about 3350 "F. However, most better quality fire 
brick and refractory material installed in Claus plant reaction furnaces are good for a maximum continuous 
operating temperature only 2700-2800**F, if they have an alumina content of 85-90 wt% or greater. In 
practice, it is prudent to maintain temperatures below the extreme limits to avoid refractory failure. 

25 Therefore, it may be seen from the above calculations that only limited oxygen enrichment, 30-32 mole% 
oxygen of the airstream can be used and still hold temperatures below a maximum of 2800 °F. With the 
small reduction of nitrogen input when increasing the airstream oxygen content from 21 up to 32 mole% 
oxygen, only a modest increase in Claus plant capacity is realized, approximately 12-15%. 

The present invention, however, permits increasingly the oxygen enrichment to above 32 mole% to 

30 increased capacity of an existing Claus sulfur recovery unit or a new sulfur recovery unit by injecting sulfur 
dioxide in either a vapor or liquid phase into the reaction furnace zone to moderate the oxygen-enriched 
flame temperature or alternatively to quench reaction zone effluents. In practice, the injection rate of sulfur 
dioxide would be set to provide dilution, cooling and equilibrium control to arrive at a reaction furnace 
temperature in the range of 2000 to 2800 "F. In one embodiment, the sulfur dioxide is added indepen- 

35 dently into the burner of the reaction furnace. With this technique, hydrogen sulfide feed and sulfur recovery 
capacity can be increased by 115% or 215% of the original capacity by enriching the airstream to 100 
mole% oxygen when handling 92.2 mole% hydrogen sulfide acid gas feed. Sulfur conversion is also 
increased in an amount of at least 2.0%. The sulfur dioxide injection provides a moderating effect because 
the sulfur dioxide, if in the liquid form, vaporizes thereby absorbing heat and because the introduction of 

40 sulfur dioxide reduces the amount of elemental O2 for oxidative conversion of hydrogen sulfide necessary to 
arrive at the desired 2:1 hydrogen sulfide to sulfur dioxide ratio emanating from the reaction furnace zone. 
Therefore, the present invention takes advantage of latent heat and sensible heat of the sulfur dioxide, as 
well as the capability of the sulfur dioxide to shift reversible equilibrium reactions of the Claus process to 
the right to enhance conversion while reducing the amount of oxygen necessary to arrive at desired end 

45 products. Accordingly, the use of a sulfur dioxide moderant enhances the conversion of the endothermic 
reversible Claus reaction, while diminishing the requirement for the exothermic oxidative conversion of 
hydrogen sulfide, thereby increasing sulfur conversion, while decreasing oxygen utilization and attendant 
heat buildup in the reaction furnace. This desired mechanism will be described in greater detail below. 
In a typical Claus reaction furnace, the primary reactions are: 

50 (1) H2S + 3/2 O2 - H2O + SO2 

This reaction is very exothermic and irreversible. It does to completion in the flame, and all the oxygen is 
consumed. The exotherm provides the heat to maintain reaction furnace temperatures in the range of 2000 
to 2400**F with concentrated hydrogen sulfide feeds when air is used. The sulfur dioxide reacts according 
55 to the following formula: 

(2) 2H2S + SO2 ^ 2H2O + 3/2 S2. 
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This reaction is endothermic and moderately slow and reversible. It reaches equilibrium with about 60-70% 
of the hydrogen sulfide converted to sulfur in the typical reaction furnace with about 0.6 seconds of 
residence time. With one-third of the total hydrogen sulfide burned to sulfur dioxide in equation (1), the 
residual unconverted hydrogen sulfide and sulfur dioxide are in the desired 2:1 mole ratio as required for 
5 high conversion in the downstream catalytic conversion stages. The sum of reactions (1) and (2) gives the 
overall Glaus process reaction: 

(3) 3H2S + 3/2 O2 - 3H2O + 3/2 S2. 

Regarding the Glaus process, reaction 2, it should be noted that it is an oxidation-reduction reaction: 
SO2 is the oxidizing agent and it oxidizes the reducing agent H2S to H2O and is itself reduced to elemental 

70 sulfur. Reaction 2 Is endothermic, as noted earlier, and therefore, notably different from the very exothermic 
oxidation of reaction 1. While both O2 and SO2 are each individually recognized as oxidizing agents in the 
prior art, as in U.S. Patent 4,575,453 to R. Reed, the unique synergism of using the novel combination of 
SO2 and O2 or 02-enriched air to use the endothermic oxidation of reaction 2 to alleviate excess 
temperatures from the extremely exothermic reaction 1, while obtaining the same overall oxidation is 

T5 unexpected and novel. For example, the following table shows for a 92% H2S feed, pure O2/SO2 can be 
adjusted to moderate the furnace temperatures quite freely. 



20 



35 



45 



50 



(1) (2) (3)=(l)+(2) (4) (5) 



"^^^^°2 , nj^T^JOj^ , "^^^^ (VS°2) , , mo1e S produced , 
mole HjS ' ^ mole H^S ' ^ mole H^S ' ^ mole (H2S+S02)^ 



0.356 0.154 0.510 0.658 2681 

0.251 0.258 0.509 0.675 2002 

^ It is well known that the thermodynamic equilibrium is closely approached in the reaction furnace effluent 
for essentially all species, except for minor quantities of carbonyl sulfide and carbon disulfide. At, 
equilibrium, the following important reversible endothermic reactions also equilibrate: 



(4) H2S5= H2 + 1/2 S2 

(5) GO2 + H2S GO + H2O + 1/2 S2 



These endothermic reactions produce sulfur directly, and to the extent that they occur, they reduce Xt\et 
requirement for oxygen in reactions (1) or (3). Because they reduce the exothermic oxygen reaction and are^^ 
endothermic, they reduce the reaction furnace temperature levels several hundred degrees Fahrenheit -when 
the oxygen input is set to give a 2:1 hydrogen sulfide to sulfur dioxide ratio in the effluent. This cooling 
effect decreases reaction furnace temperature by several hundred degrees Fahrenheit with rich feeds 
containing 70% hydrogen sulfide or greater. The cooling is sufficient to keep reaction furnace temperature 
levels below 2800° F refractory temperature limit even with oxygen-enriched air feed up to 100% oxygen. 
As oxygen enrichment is increased and the reaction furnace temperature is increased, these endothermic 
reactions increase and their endotherm tends to moderate and break the temperature rise. However, as the 
hot effluent gas is cooled in the waste heat boiler, these endothermic reactions reverse to produce 
hydrogen sulfide such that the hydrogen sulfide to sulfur dioxide ratio increases markedly above the 
number 2. To restore the ratio of 2:1, more oxygen must be fed to burn excess hydrogen sulfide to result in 
sulfur dioxide, resulting in excessive furnace temperatures. 

According to the present invention, to maintain the proper 2:1 mole ratio of hydrogen sulfide to sulfur 
dioxide, two techniques of sulfur dioxide injection to the reaction furnace can be practiced to reduce the 
oxygen feed and hence reduce the exotherm from reaction (1). If sulfur dioxide is injected in the flame zone 
it has the advantage of reacting sulfur dioxide with hydrogen sulfide feed and immediately moderating 
55 temperatures because it promotes the endotherm in the sulfur conv rsion from reaction (2). On the other 
end. if sulfur dioxide is injected into the r action furnace effluent, immediately downstream of the reaction 
furnace zone, the flame zone temperature is somewhat higher because it does not promote the endothermic 
Glaus reaction, reaction 2, but the flow is smaller in the furnace and the injected sulfur dioxide helps quench 
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and freeze the hot effluent gas and reduce the temperature in the inlet zone of the waste heat boiler. This 
quench freeze prevents reversible equilibrium reactions returning to initial species, such as hydrogen sulfide 
and carbon dioxide in one case and hydrogen sulfide in anoth r case as in reactions (2), (4) and (5). Both 
techniques of injecting sulfur dioxide directly into the flame of the reaction furnac zone and Injecting it 

5 immediately downstream of the reaction furnace zone to quench reversible reactions which have already 
gone to their completion lead to similar results as will be illustrated below, but the former technique is more 
advantageous and preferred. 

In a series of four articles published in the Canadian Gas Journal, Gas Processing/Canada, July-August 
1970, page 38, September/October 1980, page 32, January/February 1971, page 12 and July/August 1971, 

ro page 16 titled, "Computer Design and Simulation of Sulfur Plants", R. S. Lees and J. T. Ryan describe the 
kinetics of typical Claus processes with emphasis on reaction furnace operation and reverse reactions that 
occur upon cooling in a waste heat boiler. Lees and Ryan describe the use of primary and secondary cut- 
off temperatures in computer simulation of a Claus process. The concept of primary and secondary cut-off 
temperatures which are temperatures assigned to a process for computer simulation, wherein certain 

75 desired reactions are frozen, is utilized in the Tables set forth below, wherein Table 1 demonstrates the 
operation of a Claus reaction furnace at the highest possible oxygen enrichment, i.e. 100% O2. without 
sulfur dioxide Injection and Table 2 demonstrates the effect of the present invention utilizing sulfur dioxide 
injection into the flame zone of the reaction furnace the same Claus process. Table 1 and Table 2 are 
computer simulations that demonstrate the effect of sulfur dioxide injection for a 92% hydrogen sulfide 

20 Claus plant feed. Table 1 shows the conventional operation with 100% oxygen with the relatively slow 
reactions (2) and (5) reversing to an equilibrium cut-off freeze temperature of 2000''F (primary cut-off) 
while cooling in the waste heat boiler. The faster reaction (4) reverses to an equilibrium cut-off freeze 
temperature of IBOCF (secondary cut-off). With the waste heat boiler effluent hydrogen sulfide/sulfur 
dioxide ratio con ir oiled to 2:1 for efficient recovery by reaction (2) in the downstream catalytic converters, 

25 the oxygen requirement is 0.51 moles/mole of feed hydrogen sulfide. The reaction furnace temperature of 
3672 **F is unacceptably high. Sulfur recovery is 63%. Examination of the reaction effluent stream shows 
that the hydrogen sulfide to sulfur dioxide ratio of 0.30 is required there to achieve the 2:1 hydrogen sulfide 
to sulfur dioxide ratio at the secondary cut-off as required for high conversions downstream. 

Table 2 presents the first approach of the present invention encompassing the preferred embodiment 

30 whereby sulfur dioxide is added to the reaction furnace in the flame zone as a moderant and reaction 
species. The furnace temperature is reduced from the Table 1 case of 3672** F to an acceptable level of 
2681 ''F by injecting 14.1 moles of sulfur dioxide (15.4% of feed hydrogen sulfide). Oxygen feed is reduced 
roughly by 14 moles or 30% of O2 needed if SO2 is not added. The sulfur recovery is 65.8% of the 
combined hydrogen sulfide and sulfur dioxide feed, which is a small improvement over the base case of 

35 Table 1 . The total flow rate leaving the waste heat boiler is also essentially the same. 

Tables 3 and 4 present similar results for an H2S feed of 75%. Table 3 shows the furnace temperature 
reaches 301 9*F with 100% O2 without SO2 moderation, which is not acceptable. Table 4 shows the 
temperature is reduced to an acceptable level of 2672** F with addition of 6.8 moles of pure SO2 (6.7% of 
feed H2S) per 100 moles of feed. 

40 



45 



50 



55 
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Figure 1 shows various amounts of SO2 required for furnace temperature moderation as a function of 
feed H2S concentration using 100% oxygen enrichment. The line with 2000" F roughly represents the low 
end of furnace temperature, while the line with 2671 **F roughly represents the high end. As shown in the 

5 figure, the amount of required sulfur dioxide (moles p r 100 moles H2S) varies from 4 to 19 for 70% H2S 
fe d and from 20 to 29 for 100% H2S feed. The sulfur dioxide source could be supplied in any convenient 
way, and either liquid form or a gaseous form could be employed. For example, the SO2 can be imported or 
generated by burning a small fraction of hydrogen sulfide feed or liquid sulfur product in a separate process 
unit using, for example, the technique described in U.S. Patent 4,419,337 to R. F. Jagodyinski, et al. 

70 incorporated herein by reference or generated from back end Glaus process streams, as is well known in 
the prior art and which is generally about 3 moles per 100 moles of H2S feed. However, the purpose and 
extent here for sulfur dioxide injection is very different from the prior art tailgas cleanup operation, where 
SO2 may be recovered and recycled and where oxygen use was not involved and reaction furnace 
temperature moderation was not required or even desirable due to the levels of hydrogen sulfide 

75 enrichments in feed gases to those Glaus processes. 

Furthermore the amount of required SO2 of this invention is far greater than the amount available from 
tail gas SO2 recovery operation. 

The process will now be described with greater detail in a preferred embodiment illustrated in figure 2. 
Figure 2 schematically portrays a Glaus reaction furnace of traditional construction with 3 condensers, 

20 catalytic converters and reheaters in a downstream train ending with a tailgas cleanup unit and stack. Acid 
gas feed of 70 mole% hydrogen sulfide or better is introduced in line 10 into a burner 20. Air and various 
blends of oxygen are introduced in line 14 into burner 20. It is possible that air introduced in lower 16 can 
be blended with pure oxygen in line 12 to result in a mixture with an oxygen enrichment of 32 mole% or 
better. Alternatively, air and O2 may be introduced unmixed and independently. It is possible that "00% 

25 oxygen is utilized to the exclusion of air. Sulfur dioxide is added as a gas or liquid in line 18. but preferably 
is added as a liquid in order to enhance its temperature moderating effect upon vaporization. Alternatively 
SO2 may be premixed with air or O2. This mixture is fed to a reaction furnace 22 in which a flame burns the 
hydrogen sulfide in the presence of oxygen to produce a portion of the sulfur dioxide necessary for 
downstream catalytic conversion. The externally added sulfur dioxide in line 18 provides temperature 

30 moderation, as well as some of the sulfur dioxide necessary to perform the conversion to result in a 2:1 
hydrogen sulfide to sulfur dioxide ratio emanating from the reaction furnace 22. Alternatively, the sulfur 
dioxide can be added downstream of the flame zone in line 19 to provide a quench freeze mode of 
operation of the Glaus process in the reaction furnace zone 22. In this alternative case, oxygen use is 
diminished because of the quenching of reversing reactions to at least some extent, as well as the presence 

35 of sulfur dioxide species added from the external source which diminishes the necessity to add O2 to 
convert the hydrogen sulfide from the feed to arrive at the 2:1 ratio desired. 

The reaction effluents then are cooled further in the waste heat boiler 24 by indirect heat exchange with 
boiler feed water introduced in line 26 and removed as steam in line 28. The cooled reaction effluent now in 
line 30 is then introduced into a condenser 32, which again cools by indirect heat exchange with boiler feed 

40 water in line 34 leaving as steam in line 36. The initial sulfur content due to the conversion in the reaction 
furnace is removed in line 38 as elemental sulfur. The residual combustion effluent containing hydrogen 
sulfide, water, sulfur dioxide and minor amounts of hydrocarbon and carbon dioxide are removed in line 42 
and reheated to a temperature in the range of 400*-500°F in heater 48. 

The reheated combustion effluent, having hydrogen sulfide and sulfur dioxide in a ratio of approximately 

45 2:1, is introduced in line 50 into a catalytic Glaus reactor 52. Additional conversion is achieved and the 
effluent of the catalytic reaction is removed in line 54 to be cooled for the removal of liquid sulfur In 
condenser 56. The sulfur Is condensed by indirect heat exchange with boiler feed water in line 58, which Is 
removed as steam in line 60. An additional Increment of elemental sulfur is removed in the liquid form In 
line 62. 

50 The combustion effluent then proceeds through two additional stages of reheating, catalytic conversion 
and liquid sulfur condensation by passage in line 64 through reheater 66 to be introduced in line 68 into 
catalytic Gtaus converter 70 to produce sulfur-containing reaction effluent in line 72. This sulfur-containing 
effluent is further cooled In condenser 74 against boiler feed water in line 76 which produces steam in line 
78. An additional increm nt of sulfur In elemental liquid form is removed In line 80. 

55 This further reaction effluent after r moval of condensed sulfur proceeds in line 82 to the reheater 84 
which reh ats the effluent in the neighborhood of 330-400 '^F before entry into another converter in line 86 
to perform catalytic conversion in that converter or reactor 88. Additional sulfur is formed and the effluent- 
containing sulfur is removed in line 90 to be cooled in condenser 92 against boiler f ed water 94 which 

11 
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produces steam in line 96. The final amount of elemental sulfur in liquid form is removed in line 98. The 
residual effluent in line 100 is then fed to a tailgas coalescer 102 wherein additional sulfur mist is removed 
in line 104. The residual stream in line 106 can be sent to a tailgas cleanup unit 109 through line 107 or, 
alternatively, sent directly to an incinerator 114 by opening of valve 113. If the stream in line 106 is directed 

5 into the tailgas cleanup unit 109, It can be further process d for th removal of sulfur and the r suiting 
effluent in line 111 can be recycled to the front end of the system to the acid gas feed in line 10. The 
cleaned up inert gas stream can then be cycled through line 115 into an incinerator 114 for venting to the 
atmosphere. The incinerator 114 is operated with a burner 112, supplied with air 108 and a fuel, such as 
natural gas, in line 110, to combust any residual amounts of sulfur from the tailgas unit or alternatively from 

ro the coalescer 102. The resulting stream in line 116 should be environmentally acceptable and can be 
vented to atmosphere. 

In conclusion, the present invention offers a unique and desirable solution to the problem of capacity 
limited Glaus plant operation because as a temperature moderation fluid, sulfur dioxide introduced into a 
Glaus reaction furnace zone reduces the oxygen feed requirements, while maintaining a hydrogen sulfide to 

15 sulfur dioxide ratio of 2, exiting from the reaction furnace in the waste heat boiler. Accordingly, a large 
quantity of heat of combustion, which would necessarily result from the hydrogen sulfide oxidation to sulfur 
dioxide, is shifted to an external operation which creates sulfur dioxide or if the plant is operated at the 
source of the sulfur dioxide stream, is dispensed with entirely. Sulfur dioxide injection drives the Glaus 
reaction, reaction (2), to the right for more sulfur conversion, while still maintaining modified temperatures of 

20 the overall conversion of hydrogen sulfide to elemental sulfur. Sulfur dioxide, as a temperature moderant 
introduced into the reaction furnace, also reduces the combined gas flow from the furnace section of the 
Glaus plant, particularly over the gas recycle feature of the Goar patent mentioned in the Background of the 
Prior Art. The only consideration for the utilization of the present invention for sulfur dioxide injection is the 
necessity of generation of a concentrated sulfur dioxide stream it one is not present at the plant site. 

25 However, the required amount of sulfur dioxide for the practice of the present invention is relatively small, 5- 
30% of hydrogen sulfide in the feed, depending on the hydrogen sulfide feed composition, such that this 
problem of external supply does not diminish the substantial benefits that accrue from operation of a Glaus 
process at high oxygen enrichment levels and high hydrogen sulfide feed richnesses to avoid high 
temperatures and reduce the oxygen demands for an equivalent amount of sulfur conversion and hydrogen 

30 sulfide capacity. 

The present invention has been set forth with recitation to a preferred embodiment, however, the 
breadth of the claims should be ascertained not from this preferred embodiment, but rather from the claims 
which follow. 

35 

Claims 

1. In a process for recovering sulfur from a feed gas containing 70 mole% or greater of hydrogen 
sulfide wherein the gas stream is partially combusted with an oxygen-enriched gas in a Glaus reaction 

40 furnace zone, a combustion effluent is cooled with the attendant condensation separation of sulfur in a 
condensation zone and the remaining effluent is further treated, the improvement comprising introducing a 
temperature moderating stream of externally supplied sulfur dioxide having a concentration of at least 40 
mole% into the reaction furnace zone or immediately downstream of said reaction furnace zone to 
moderate temperature, reduce oxygen consumption and increase sulfur conversion, wherein the sulfur 

45 dioxide is added in the range of 5-30 moles of sulfur dioxide based upon 100 moles hydrogen sulfide 
content of said feed gas. 

2. The process of Glaim 1 wherein the oxygen-enriched gas has an oxygen content of 32 to 100 
mote%. 

3. The process of Glaim 1 wherein the temperature of the reaction furnace is in the range of 2000**- 
50 2800 •'F. 

4. The process of Glaim 1 wherein said combustion effluent has a hydrogen sulfide to sulfur dioxide 
ratio of approximately 2. 

5. The process of Glaim 1 wherein said sulfur dioxide has a concentration of 80 to 100 mole%, 

6. The process of Glaim 1 wherein said sulfur dioxide has a concentration of approximately 100 
55 mole%. 

7. The process of Glaim 1 wherein the sulfur dioxide is introduc d as a liquid-phase moderant. 

8. The process of Glaim 1 wherein the sulfur dioxide is introduced as a vapor-phase moderant. 
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9. The process of Claim 1 wherein a slipstream of said feed gas is separately reacted with oxygen to 
produce sulfur dioxide which in turn is introduced into said r action furnace stage. 

10. The process of Claim 1 wherein a slipstream of liquid sulfur product is s paratety reacted with O2 to 
produce SO2 which in turn is introduced into said reaction furnace stage. 

5 11. The process of Claim 1 wherein said combustion effluent is furth r tr at d in one or more reheaters, 
catalytic converters and condensers to respectively rewarm the combustion effluent, convert said effluent to 
sulfur and condense the sulfur from the remaining combustion effluent. 
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